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Abstract. The objective of this experiment was to investigate whether the ergot alka-
loid, ergotamine (ET), an alkaloid used to model fescue toxicosis in cattle, modifies

the response of cattle to endotoxin (LPS) challenge. Steers ( n = 16) were divided into
the following treatment groups: control (C), ergotamine (ET), endotoxin (LPS), and ET
+LPS. ET and ET + LPS groups received a single bolus intravenous injection of ET (40

ug - kg - body wt 71), whereas C and LPS steers received a single bolus injection of
sterile vehicle. Thirty minutes after ET/vehicle administration, a single bolus intrave-
nous injection of LPS (0.2 ug - kg - body wt ~*) was given. Blood was collected at
various time points for 48 hr post. Endotoxin increased rectal temperature (RT) and

the circulating levels of tumor necrosis factor- a (TNF-a), cortisol, haptoglobin (Hp),
thromboxane B , (TXB,). The circulating Hp, TNF- «, and TXB , increases were blunted
by pretreatment with ET compared with ET + LPS. Ergotamine by itself increased
circulating cortisol and RT, whereas it decreased serum prolactin (PRL). Therefore,
whereas administration of LPS at 0.2 pg/kg to steers resulted in an expected response,

the combination of ET + LPS attenuated major effects of LPS alone. Thus, acute
administration of ET appeared to be anti-inflammatory as it decreased the inflamma-

tory response to LPS, an effect likely driven at least in part by the ET-caused cortisol
increase. [P.S.E.B.M. 2000, Vol 225:136-142]

n immune challenge (bacterial or viral infection, popolysaccharide, LPS) potently induces the inflammatory

acute stress, or other nonpathogenic challenge) imytokines, cortisol, and the prostaglandin thromboxape-B

food animals results in metabolic and endocrine(TXB,) in many species (3), including cattle (4). These in
shifts with decreased growth as an end result (1, 2). Duringurn cause the acute phase response. In cattle, haptoglobin
an immune challenge, there are increased circulating in(Hp) is a major acute phase response protein synthesized in
flammatory cytokines (interleukin-1 [IL-1], IL-6, and tumor the liver (5, 6). Increasing amounts of this protein have been
necrosis factorr [TNF-a]) and other immune modulators observed during an inflammatory process (6).
such as glucocorticoids and eicosanoids (3). Endotoxin (li-  Tall fescue Festuca arundinace&chreb) is the pre-
dominant cool season forage in the piedmont and inter-
mountain district of the South-east portion of the United
Funded by Section 1433 Animal Health and Disease Research Funds, USDA,  States, but it is also grown in the northwest and the northeast
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Athens, GA 30602. infected with an endophyteNgotyphodium coenophialym
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cattle, a condition associated with decreased growth and
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biologically potent ergopeptide alkaloids (9). We recently
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for the duration of the grazing period and challenged with
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LPS had greater inflammatory response to LPS in terms ofaken at 30 min, 1, 2, 3, 4, 5, 6, 12, 24, and 48 hr. Steers
increased circulating TNe- and cortisol levels, and de- were not fed for the first 12 hr, then returned to pasture and
creased insulin-like growth factor-1 (IGF-1) compared withbrought back to sampling stalls for the additional blood
steers grazing endophyte-free tall fescue (10). The objectiveollections at 24 and 48 hr. Blood (20 ml) was collected into
of this experiment was to determine if acute administratiortubes with EDTA for plasma and without additives for se-
of ergotamine (ET), an ergopeptide alkaloid as that found irrum harvesting (Vacutainer, Becton Dickinson, Rutherford,
endophyte-infected tall fescue (9) to steers, would also enNJ) and kept on ice until harvest. Following harvest,

hance the inflammatory response to LPS. plasma/serum was aliquotted and stored at —70°C until as-
_ sayed. In addition to blood collection, rectal temperature
Materials and Methods was measured hourly, beginning at time =30 min, using a

Animals. The experiment was conducted in the digital thermometer (B-D, Becton Dickinson, Franklin
spring of 1998 (April 22—24), and the mean ambient tem-Lakes, NJ).
perature was 14°C. Angus yearling steans= 16) were Assay Procedures. Prolactin (PRL). Serum con-
maintained on cereal rye éBale cerealel). Steers were centrations of PRL were determined by radioimmunoassay
withheld from water for 16 hr and weighed (201.9 kg * (RIA) procedure (11) with reagents supplied by the USDA
10.5, mean = SD) on the day before the experiment. AniHormone Distribution Program (Beltsville, MD). The intra-
mals were ranked by weight from lowest to highest andand interassay coefficients of variation were 3.7% and
assigned to groups of four on the basis of rank. Then, a steé.3%, respectively.
from each group was randomly assigned to one of four  Cortisol. Serum cortisol was determined with a com-
groups O = 4/group). Following group assignment, each mercially available solid phase RIA kit (Diagnostic Prod-
group was randomly assigned to a treatment=( 4/treat- ucts Corp., Los Angeles, CA). All samples were assayed
ment). The treatments were as follows: control (C), ergotatogether. The intra-assay CV was 7.9%.
mine (ET), endotoxin (lipopolysaccharide, LPS), and er- Tumor necrosis factor-o (TNF-o). Plasma immuno-
gotamine plus endotoxin (ET + LPS). Following weighing reactive TNFe. was measured by a specific RIA for cattle
and assignment to treatment, an indwelling cannula (Tygon(12). All samples were assayed together. The intra-assay
1.02 mm i.d., 1.78 mm o.d.) was placed in the jugular veinCV was 9.2%.
for administration of LPS/ET/saline and blood collection. Haptoglobin (Hp). Serum concentration of Hp was de-
On the day of the experiment, animals were tethered iriermined by an ELISA according to Youreg al. (13) using
individual stalls and provided watexd libitum plates coated with hemoglobin for capture and antihapto-
Treatment. Ergotamine tartrate (RBI, Natick, MA) globin monoclonal antibody for detection of serum Hp.
was dissolved in a 20% solution (w/v) of 2-hydroxyprolyl- Thromboxane-B, (TXB,). Plasma concentrations of
B-cyclodextrin (RBI, Natick, MA) in sterile double-distilled TXB, were measured by a commercially available enzyme
(dd) water immediately prior to administration and pro-immunoassay (EIA, Amersham Life Sciences Inc., Arling-
tected from light. Endotoxin Escherichia coli; 055:B5  ton Heights, IL). Before assaying, TXBvas extracted from
Sigma, St. Louis, MO) was reconstituted with sterile 0.1%the plasma using a solid-phase extraction procedure recom-
BSA phosphate-buffered saline (PBS) solution to a stocknmended by the manufacturer. Briefly, 1ml of plasma was
concentration of 0.1 mg/ml. Immediately before adminis-acidified to pH 3.0 with M citric acid & 0.25 ml). Amprep
tration, stock LPS solution was further diluted with PBS toC2 columns (Amersham Life Sciences Inc., Arlington
8 ng LPS/ml concentration. Heights, IL) were conditioned by rinsing with 2 ml of
At time —30 min, ET and ET + LPS treatments receivedmethanol followed by 2 ml of water rinse. Then, the acidi-
a single bolus intravenous injection of ET (4@-kg-body  fied plasma samples were applied to the columns. The col-
wt !, = 2.7ml vehicle volume), whereas C and LPS steersumns were washed with 5 ml of water, followed by 5 ml of
received a bolus injection of sterile vehicle (2.7ml). Thirty 10% ethanol, and 5 ml of hexane. Thromboxangvis
minutes after ET/vehicle administration (Time 0), a singleeluted with 5 ml of methyl formate. The methyl formate
bolus intravenous injection of LPS (Oj2y-kg-body wtt, =  was vacuum evaporated, and the extract reconstituted in
5 ml vehicle volume) was administered to LPS and ET +the EIA buffer. A known amount (100 pg) of TXBwas
LPS treatments whereas C and ET treatments received 5 ratlded to selective tubes to monitor recovery. Mean recovery
of sterile PBS. Following administration, articles were was 91%.
flushed in with 10 ml sterile 3.5% sodium citrate solution. Statistical Analysis.  Analysis was performed using
Data Collection. Before administration of ET/ the Statistix Analytical Software (Tallahassee, FL). Data are
vehicle, two sham blood samples (10 ml/sample) were colexpressed as mean + SEM. Data were analyzed b x 2
lected 30 min apart to accustom animals to blood collectionfactorial model split-plot-in-time with ET (ET versus ve-
Then, a blood sample was collected at time —30 min forhicle), LPS (LPS versus vehicle), and their interaction as
determination of basal levels. At Time 0, another bloodmain factors and time as the subplot using a two-way analy-
sample was taken, immediately followed by LPS/PBS adsis of variance (ANOVA). The appropriate means of sig-
ministration. After LPS/PBS administration, samples werenificant (P < 0.05) main effects or their interaction were
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Table I. Serum Haptoglobin (Hp) (mean + SEM, mg/dl) in Steers Administered Ergotamine, 40 ug-kg-body
wt™! or Vehicle at Time =30 min Followed by 0.2 pg-kg-body wt™* iv Endotoxin (LPS) at Time 0

Time
Treatments
0 0-6 hr 12 hr 24 hr 48 hr
C 1.3+0.16 1.3+0.15 1.4+£0.23 1.2+0.11 1.1+0.06
ET 1.1+0.10 1.1+0.13 1.1 +£0.08 1.1 +0.07 1.0 £ 0.00
ET + LPS 1.3+0.23 1.4+0.26 4.4 + 1.69* a12.2 + 4.84% 4.4 + 0.61%
LPS 1.1 +0.06 1.3+0.07 2.4 +£0.271 49.7 + 4.05% b26.0 + 18.18%

Note. C is control, ET is ergotamine, LPS is lipopolysaccharide (endotoxin). For statistical purposes, samples with Hp values of <1 mg/dl were
assigned value of 1 mg/dl.

* P <0.05, TP < 0.01, P < 0.001 vs Time 0 within treatment.

ab Means with different superscripts are different from each other and from means without any letter designation at a specific time point
(P < 0.05).

separated by Fisher’s protected LPDst hoctest. A trap-  pretreatment. While both ET and LPS elevated serum cor-
ezoidal summation of individual areas (time on thaxis  tisol, the effect of ET was temporally shorter. Maximal
and magnitude of the response on thaxis) was used for serum cortisol was 20% greater in the LPS versus ET +
calculation of responses over a time period where appropritPS. Cortisol values in the C slowly decreased over time
ate. Basal areas corresponding to the rectangle derived tand were significantlyR < 0.05) lower (2—12 hr) compared
multiplying y-value at Time 0 and total time were subtractedwith pretreatment.

from total areas, and net value was the absolute area under The increase of plasma TXBn ET + LPS (1-3 hr),
the concentration curve (AUC) response. Because of thiand LPS (1-4 hr) groups compared with controls (Fig. 3,
calculation approach, downward responses have negatitep) was LPS-driven (LPS effed?,< 0.0001), but there was
AUC values, whereas upward responses have positive AU@Iso a significant ET x LPS interaction (ET x LPS x time,
values. The AUC data were analyzed by one-way ANOVA,P < 0.001). Pretreatment with ET in animals challenged

followed by Fisher’'s protected LSPost hoctest. with LPS blunted the increase in circulating TXBuring
the first 4 hr following LPS, and at 1 and 4 hr post-LPS, this
Results effect was significant (ET + LPS versus LPS< 0.05). In

Serum Hp was unaffected by ET (Table I), but thereboth ET + LPS and LPS, plasma TXBeturned to baseline
was a main effect of LPSP(< 0.01) which was also time- at 4 and 6 hr, respectively. Similarly, TXBrea under the
dependent (LPS x tim& < 0.01). Both ET + LPS and LPS curve response (0-12 hr) for LPS (6279 + 965.6, mean *
treatments had increased serum Hp at 12 hr, and Hp corf8EM, AUC units) was greatesP(< 0.05), whereas ET +
tinued to rise until 24 hr (ET + LPS), or until the end of the LPS (3110 + 286.7, AUC units) was greatd? € 0.05)
sampling period (LPS). Serum Hp in both ET + LPS and
LPS groups was greatd? € 0.05) compared with C and ET

at 12, 24, and 48 hr. At 48 hr, serum Hp was increased the__ 4.0 *E* e
greatest® < 0.05). E 354

Highly significant interaction between ET and LPS in- ——ET
fluenced plasma TNie- values (ET x LPS, ET x LPS x £ 3.07 —+— ET+LPS
time, P < 0.0001; Fig. 1). Plasma TN&was unchanged in  § 2.5 b b
the C and ET groups. Compared with C plasma, TdNF- % 2 0- ——LPS
values were increased by ET + LPS (30 min-2 hr), and LPSH
(30 min=3 hr). Pretreatment with ET in the ET + LPS group g 1.59
reduced P < 0.001) TNFe. compared with LPS at 30 min, @ 1.0
1, 2, and 3 hr. The area under the response curve (0-6 hig" 054
was greatest for LPS (5.93 £ 0.38, mean + SEM; AUC ' y
units) and ET + LPS was greater (1.71 + 0.39 AUC units) 0.0+—r¢
compared with C and ET (0.11 + 0.03 and -0.05 + 0.04 y ? T2 3 4 5 6
AUC units, respectivelyP < 0.01). Time (hours)

Serum cortisol increased following administration of ET LPS

either ET or LPS, but there was also a significant interactiorﬁgglli;ebld dypﬁﬂng‘rgggﬁg f,a(r,]; M E.‘:Zt)eg:iéﬁiael ?égr;\g)‘g
between them (ET x LP$; < 0.01; ET x LPS x timeP < time -30 min followed by an e‘ndotoxin (LPS) challer;ge (0.2

0.05; Fig. 2). Serum cortisol was abruptly increasBd<(  pg-kg-body wt™) intravenously at Time 0 (LPS, ET + LPS). **P <
0.001) in the ET (0-2 hr) and ET + LPS (0-4 hr) groupso-001 indicates differences within the same treatment compared with

. . . retreatment values. *°Means with different letters are different from
compared with pretreatment. FOHOW'ng LPS, serum CortlsoEach other and from means without any letter designation at a spe-
was elevatedR < 0.001) from 1 to 6 hr compared with cific time point (P < 0.05). See Table | for treatment abbreviations.
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Figure 2. Serum cortisol (mean + SEM) in steers given ergotamine
followed by LPS. All values returned to baseline at 12 hr and did not
differ thereafter (not shown). *P < 0.05, **P < 0.01, ***P < 0.001
indicate differences within the same treatment compared with pre-
treatment values. Length of lines indicates the duration of an effect
within treatment (treatment designation marked at one end of the
line), whereas the P-value above the lines indicates the minimal level
of significance for the marked periods. °Means with different letters
are different from each other and from means without any letter
designation at a specific time point (P < 0.05). See Figure 1 for
dosages and Table | for treatment abbreviations.
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Figure 3. Plasma thromboxane B, (TXB,, mean + SEM) in steers
given ergotamine followed by an LPS challenge. Values post-12 hr
were not different (not shown *P < 0.05, ***P < 0.001 indicate differ-
ences within the same treatment compared with pretreatment val-
ues. #°Means with different letters are different from each other and
from means without any letter designation at a specific time point (P
< 0.05). See Figure 1 for dosages and Table | for treatment abbre-
viations.

compared with C (536.9 = 122.1, AUC units). ET alone

failed to modulate TXB.

**p <01
LPS

Rectal Temperature C°

ET LPS Time (hours)

Figure 4. Rectal temperature (RT, mean * SEM). **P < 0.01 indi-
cates differences within the same treatment compared with pretreat-
ment values. *°Means with different letters are different from each
other and from means without any letter designation at a specific
time point (P < 0.05). See Figure 1 for dosages, Figure 2 for lines
designation, and Table | for treatment abbreviations.

increment of the increase in the ET and ET + LPS groups
was greaterF < 0.05) than the increase following LPS
alone. Rectal temperature for ET and ET + LPS returned to
baseline by 12.5 hr; however, rectal temperature following
LPS returned to baseline more quickly (6.5 hr).

As a positive control, serum PRL decreased (maximum
81%) in the ET and ET + LPS groups from 30 min to 4 hr,
an effect driven by ETR < 0.001). LPS on the other hand,
failed to alter serum PRL level®(> 0.3) nor there was an
ET x LPS interaction B > 0.4). The overall basal PRL
values were 6.2 £ 0.93 (mean + SEM, ng/ml), and they
decreased to 0.84 £+ 0.14 and 1.15 + 0.21 (mean 30 min—4
hr-values) in the ET and ET + LPS group, respectively. By
6 hr both ET and ET + LPS serum PRL values returned to
normal. Since the decrement in serum PRL was similar in
both ET and ET + LPS, this suggests that the decrease in
serum PRL was a result of ET treatment.

Discussion

The findings of this investigation indicate that ET re-
duced the inflammatory response to LPS. The blunted in-
crease in circulating Hp, TNEk; and TXB, in the ET + LPS
group compared with LPS alone supports this statement. At
least part of the inflammatory response is mediatiadcy-
tokine production from monocytes, macrophages, and neu-
ral tissue (14). Following ET administration, there was an
immediate increase in circulating cortisol similar to that
reported by Browninget al. using a similar experimental
paradigm (15). This effect of ET is attributed to both its
adrenergic and serotonergic stimulating properties (16).

Dexamethasone treatment of macrophages from endo-
toxin-sensitive mice either before or simultaneously with

Similar to the cortisol response, rectal temperatures inLPS resulted in diminished LPS-induced secretion of
creased following administration of either ET or LPS, but TNF-« (17). Similarly, treatment of rats with dexametha-
there was also a significant interaction between them (ET »sone at the time of LPS administration (18), or prior to LPS
LPS x time,P < 0.05; Fig. 4). The maximal temperature (19), reduced the LPS-induced TNFresponse. Therefore,
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it is probable that the reduced TNFresponse to LPS inthe This has been attributed to both vasoconstriction (36) and
steers given ET + LPS in the present experiment was theentral effects (37). The hyperthermic effect of LPS is a
result of the prior increase in cortisol by ET. Not only can central effect mediated partially by TN&+38).
glucocorticoids directly inhibit TNFe production and the Findings here of a decreased inflammatory response to
subsequent inflammatory response, but also stress-increaseBS in the steers pretreated with ET differ dramatically
corticosteroids are associated with increased systemic rérom an earlier experiment in which an augmented inflam-
lease of the anti-inflammatory cytokine IL-10 (20). It is matory response to LPS occurred in steers that grazed ergot
recognized that LPS itself increased cortisol secretion in thiglkaloid-containing, endophyte-infected tall fescue (10). An
experiment. A similar increase in adrenocortical activity explanation for these differences may be attributed to sev-
following LPS was reported in cattle (4) as well as in botheral factors. In the present experiment, ET was given
intact (21) and hypophysectomized (22) rats. Neverthelesscutely versus chronic exposure to ergot alkaloids over 8
the prior increase in circulating cortisol in the steers as anonths of grazing. Additionally, ET is a single compound
result of ET may have resulted in not only the decreasedompared with a diverse group of ergot and other alkaloids
TNF-a response but also the reduction of both TX&d found in endophyte-infected tall fescue (8). The circulating
Hp. This is probable because increases in Td&NHtimately ~ concentration of ergot alkaloids at the time of LPS admin-
result in a cascade effect that involves an increase in thistration would undoubtedly differ in the two studies. Cer-
inflammatory cytokines, induction of acute-phase proteingainly, acute intravenous administration of ET as given here
in the liver, and increased cyclooxygenase activity (23, 24)would be suspected to result in a greater circulating con-
Although ET-induced cortisol before LPS administra- centration of the administered agent at the time of LPS
tion is considered a major factor for the observed anti-administration compared with that associated with grazing.
inflammatory effects of ET, other possible mechanisms ardlternatively, the length of exposure rather than the circu-
possible. Increased intracellular cyclic AMP levels havelating concentration of ergot alkaloids may be more impor-
negatively affected TNl MRNA accumulation (25), and tant. Finally, and perhaps most importantly, circulating cor-
activation of DO-like dopamine receptors increases intracel-tisol levels were not elevated prior to LPS with steers graz-
lular cAMP (26). Ergotamine has the capacity to bing D ing endophyte-infected tall fescue (10).
dopamine receptors (27) and bromocryptine, an ergot alka- A number of apparently disparate compounds have
loid similar to ET, has almost the same affinity fo, Bnd  been shown to suppress LPS-induced Td&\Becretion. A
D dopamine receptors (28). Thereby, following activationvariety of flavinoids with narginin being most potent in this
of D;-like receptors by ET, a mechanism is provided toregard suppressed LPS-induced T&Fsecretion (39). A
decrease circulating TN&- In support of this mechanism, substance from cinnamon bark when mixed with LPS in-
recent evidence indicates peripheral dopamine receptors imbited the TNFa—generating ability of LPS (40). Pretreat-
rat lymphocytes are predominantly;Qype (29). In this ment of rats with pentoxifylline, a drug that inhibits cyto-
regard, administration of a dopamine receptor agonist priokine production, inhibited LPS-induced TNE-secretion
to induction of acute pancreatitis (severe inflammation) in(41), and adenosine attenuated the ability of monocytes to
rats reduced the onset and severity of the condition (30)express TNFe in response to LPS (42). Both adenosine and
Interestingly, increased intracellular cAMP levels are alsgpentoxifylline (24) treatment resulted in an increased intra-
associated with stimulation of the anti-inflammatory cyto- cellular cAMP. Thus, the possibility that ET exerted its
kine IL-10 in monocytes (20). Finally, suboptimal activa- anti-inflammatory effectvia D receptor activation on im-
tion of the LPS receptor may also have occurred (31). Fulmune cells and subsequent cAMP accumulation is pertinent.
activation of the LPS receptor and subsequent cytokineMoreover, combined application of dexamethasone and
production and other inflammatory mediators is achievedpentoxifylline to macrophages vitro resulted in a greater
only when the LPS receptor complexes with LPS associateduppression of TN synthesis \(ia distinct mechanisms)
with its binding protein (32). This LPS-binding protein is than either agent alone (24). Therefore, acute ET adminis-
synthesized by hepatocytes, and its synthesis may have betation may have used both cortisol-dependent and indepen-
decreased by acute administration of ET. dent mechanisms for its anti-inflammatory effects.
Activation of the pituitary B receptors is inhibitory to In cattle, administration of recombinant bovine somato-
prolactin secretion (33). The reduction in circulating PRLtropin diminished the LPS-induced release of TiFeor-
following ET in the steers indicated the effectiveness oftisol, and TXB, (4). This effect may be caused by decreased
treatment. Reduction of serum PRL in rats with a relatecbinding of LPS to hepatic microsomal membranes. Several
ergot alkaloid, bromocryptine, was immunosuppressive folinducible hepatic enzymes such as alkaline phosphatase and
lowing 1 week of treatment (34). Therefore, although it isaspartate aminotransferase are reduced in cattle grazing en-
possible that the reduced serum PRL in the steers couldophyte-infected tall fescue (43). Perhaps in the present
have affected the LPS-induced inflammatory response, it igxperiment hepatic function was also reduced acutely fol-
not likely because of the brief decrement prior to LPS. Thelowing ET administration; therefore, there was a decreased
increase in RT following ET and LPS was expected. A bodyTNF-a release from hepatic sources such as resident mac-
temperature increase following ET has been noted (35)ophages. This perhaps partially explains the decreased cir-
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culating Hp following ET+LPS compared with LPS alone
because this protein has a hepatic origin.

Thromboxane B is the stable metabolite of throm-
boxane A (TXA,), a potent platelet aggregator and vaso-
constrictor (44). The release in TXAfollowing LPS is
considered causative for vascular shifts and pulmonary hy-
pertension (45). The increase in circulating TXB re- 12
sponse to LPS in cattle found here agrees with a previous
report (4); however, the increase was blunted by prior ads,
ministration of ET. Because TN&-is a major stimulus for
TXB,, the decrease in TNE-secretion following ET + LPS
compared with LPS alone apparently explains the decreasé-
in TXB,.

In summary, the administration of ET followed by LPS 15
to steers resulted in a decreased inflammatory response
compared with administration of LPS alone as indicated bye,
decreased circulating amounts of TNEF-TXB,, and Hp.

The ET administration resulted in a rapid elevation in cir-17.
culating cortisol that may have attenuated the LPS-induced

TNF-a response. A decrease in the TNFesponse may be
a control point such that TXBand Hp are also attenuated.
Acute administration of ET alone failed to elicit inflamma-

tory mediators. 19.
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